Optical coherence tomography (OCT) is a rapid non-invasive imaging technique that has shown high sensitivity for intra-operative surgical margin assessment in human breast cancer clinical trials. This promising technology has not been evaluated in veterinary medicine. The objective of this study was to correlate normal and abnormal histological features with OCT images for surgical margins from excised canine soft tissue sarcoma (STS) and to establish image evaluation criteria for identifying positive surgical margins. Fourteen client-owned dogs underwent surgical resection of a STS and OCT imaging of 2 to 4 areas of interest on the resected specimen were performed. Following imaging these areas were marked with surgical ink and trimmed for histopathology evaluation. Results showed that different tissue types had distinct characteristic appearances on OCT imaging. Adipose tissue exhibited a relatively low scattering and a honeycomb texture pattern. Skeletal muscle and sarcoma tissue were both dense and highly scattering. While sarcoma tissue was highly scattering, it did not have organized recognizable structure in contrast to muscle which showed clear fibre alignment patterns. In this investigation, we showed different tissue types had different and characteristic scattering and image texture appearances on OCT, which closely correlate with low-power histology images. Given the differentiation between tissue types the results support that OCT could be used to identify positive surgical margins immediately following resection of STS. Further research is needed to assess the diagnostic accuracy of this method for surgical margin assessment.
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| INTRODUCTION
In veterinary medicine, the current standard-of-care for surgical margin evaluation is histologic assessment of surgical margins following formalin fixation. The results of this evaluation often take days to obtain. Typically, the histopathologic margins for small-and moderate-sized tumours are assessed by cross-sectioning (or radial method) of tissue trimming. In this method, the specimen is sectioned through the centre of the tumour on the short axis and then each of these sections is cut again (perpendicular to the original cut) along the long axis. 1 Utilizing this method only a small proportion of the surgical margins is assessed (<1%), which can lead to sampling error due to the limited tissue assessment and the possibility of asymmetric tumour growth. [1] [2] [3] This (under-) sampling error can lead to lack of detection of cancer cells extending to the surgical margins (constituting incomplete resection), which is especially possible in the case of invasive tumours that exhibit asymmetric growth like soft tissue sarcomas (STS). [1] [2] [3] Failure to recognize incomplete margins can result in inappropriate treatment recommendations and missed opportunities for local disease control.
STSs comprise 15% of all skin tumours in dogs. 4 Surgical removal is commonly the treatment of choice for local control of these tumours; the success of which is often based on histological margin assessment. [5] [6] [7] [8] [9] [10] While histopathology is currently the gold standard for surgical margin evaluation in veterinary medicine, reliable intraoperative assessment of surgical specimens is not possible with current methods. Novel imaging techniques that allow intra-operative margin assessment are critically needed to advance the current standard-of-care for the successful surgical treatment of tumours in companion animals. To date, there have been a few reports of the use of fluorescence imaging techniques in canine patients to assist in identification of residual tumour following resection.
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Optical coherence tomography (OCT) is an emerging diagnostic oncologic imaging modality that uses light waves to generate realtime, high-resolution images of tissue at a microscopic level. It has shown promise for the real-time evaluation of human breast cancer margins studies reporting 91.7% to 100.0% sensitivity (and 82.0%-92.0% specificity) for identifying residual tumour cells along the entire surgical margin. 16, 17 Preliminary clinical studies in humans and data in rodents and other tumour models strongly support that this imaging modality will be successful in canine patients. [16] [17] [18] [19] The ability to intra- The combination of characteristics that were identified and indicative of incomplete surgical margins or different tissue types were defined as image evaluation criteria.
| MATERIALS AND METHODS

| RESULTS
Fourteen dogs with 15 STS enrolled in this clinical study: one dog had two STS concurrently, which were both surgically excised. The demographics of the study patient population and the location of the tumours are summarized in Table 1 . The tumours were resected with different planned surgical margins depending on the area of the body and the size of margins chosen by the primary surgeon. The margins planned at surgery and the number of areas of interest imaged are also summarized in Table 1 .
The imaged areas of interest consisted of different tissue types on histologic evaluation. Four tissue types were predominantly present in the evaluated samples: skin, adipose, muscle and sarcoma.
These results are detailed in Table 2 Polarization-sensitive OCT, a variant of OCT that is sensitive to the birefringent optical properties of tissues, such as highly ordered collagen or muscle fibres, has been shown to differentiate between human breast tumours and normal fibrous breast stroma. 22 Polarizationsensitive OCT similarly may be helpful to differentiate between muscle tissue with highly ordered fibres and STS that lacks such aligned and organized microstructure. In the future, these and other techniques may be further developed to automate objective differentiation of the tissue types to aid in observer interpretation of the OCT images, even during surgery, and in real time. Characteristics seen between different tissue types varied but there was also variation in appearance of sarcoma between different dogs and different areas in the same dog. Sarcoma tissue was always highly light scattering on evaluation, but the texture of the tumour in the OCT images was often different between tumours. This represents differences in sarcoma tissue microstructure, particularly the pseudocapsule which is very superficial, which varies between tumour types. There was a predominance of low-grade tumours in this study, which could have led to the structure having a prominent pseudocapsule and being less irregular as the sarcomas were less invasive and heterogeneous.
In this study, different characteristics of tissues and tumour at surgical margins following STS removal in dogs have been identified.
Differentiation between normal and cancerous tissues is key for utilization of intra-operative imaging for assessment of surgical margins of the excised sample or more ideally the in vivo tumour bed to assess whether there is residual microscopic STS at the surgical site. There is some evidence that clean resection in canine STS may be associated with prolonged tumour-free intervals and decreased risk of tumour recurrence. 5, 7, 9, 23 It remains underdetermined but possible that removal of residual microscopic disease may be associated with decreased recurrence similar to scar re-excision when primary resection is incomplete. 24 Alternatively, that if the areas of residual microscopic disease could be identified that these cases could have targeted treatment of this residual microscopic disease with radiation therapy or topical chemotherapy or similar. The OCT and histological sections were taken from the area bounded by the U-shaped orange surgical ink. The OCT image shows a thin layer of tissue with low scattering areas consistent with the pseudocapsule with air bubbles (black linear structures, yellow arrow) overlying a high scattering tissue with no alignment patterns underlying consistent with sarcoma (white arrowheads). The imaging of the deeper tissues is attenuated by the overlying air bubbles. This result is consistent with sarcoma <1 mm from the deep surgical margin. C, Images for case 8, area 4:
The OCT and histological sections were taken from the area bounded by the U-shaped yellow surgical ink. The OCT image shows a distinct and condense pseudocapsule immediately under the probe (red arrow) but with high scattering tissue consistent with sarcoma underlying. This result is consistent with sarcoma <1 mm from the deep tissue margins. Deeper tissue imaging of the tumour is seen in comparison to that seen in Figure 3B due to the lack of air attenuating light penetration [Colour figure can be viewed at wileyonlinelibrary.com]
The population of dogs in this study consisted of middle-aged to older, pure and mixed bred dogs, which reflects the population of dogs developing STS as reported in other studies. [24] [25] [26] Many dogs had tumours arising on limbs, which may reflect our referral population as referring veterinarians may be removing truncal STSs and referring distal limb STSs to specialists in oncology and surgery. Most tumours were grade I or II, which is typical of most STSs reported in the veterinary literature. [24] [25] [26] Given the high proportion of limb tumours and the high number of cases where planned marginal excision was performed, it was not surprising there were several cases where the histologic margins were incomplete.
Good correlations were found between OCT and histological images of different normal and abnormal tissue types at the surgical margins of excised canine STSs. This early promise would suggest continued research is warranted to assess this technique for diagnostic accuracy of detection of incomplete margins during STS resection.
The future goals of our group are to develop an accurate tool for assessment of surgical margins and detection of incomplete margins that could improve the efficacy of cancer surgery and reduce patient morbidity and mortality.
